The aim of this editorial is to introduce the scope of the call for papers for the special issue. The submission statistics are then provided. A brief summary of the accepted papers is synthesised. The editorial ends with calls for future research in the areas of modularity and supply chain management.
Introduction
Modularity, as a research area, has seen widespread attention in multiple disciplines and across different units of analyses. At a narrow unit of analysis, modularity has been used in many industries as a way to increase product variety (Patel and Jayaram 2014) and reduce complexity in design. However, at a broader level, modularity has been touted as a key enabler for many strategic programmes. These programmes include design of product architecture, platform-based product development (Alblas and Jayaram 2014; Vickery et al. 2015 Vickery et al. , 2016 , supply chain integration (Lau et al. 2010) , closed loop supply chains (Chang and Yeh 2013) ; agility (Jacobs et al. 2011; Alblas and Jayaram 2014) , risk mitigation (Gualandris and Kalchschmidt 2013; Xue et al. 2013 ) and sustainability (Dubey, Gunasekaran, and Chakrabarty 2015) to name a few.
Besides Operations Management (OM), modularity has also been addressed in interdisciplinary domains such as engineering, technology management and economics. Within OM, there have been substantial contributions made in the research areas of product modularity (Jacobs et al. 2011) , alignment of product and process modularity (Gualandris and Kalchschmidt 2013; Patel and Jayaram 2014) supply chain modularity (Hoetker, Swaminathan, and Mitchell 2007) , interaction of product and supply chain modularity (Lau et al. 2010; Chang and Yeh 2013) and, more recently, on service modularity (Brax et al. 2017) .
Aims/objectives of the special issue
The domain areas of modularity, architecture, supply chains and platform-based product development offer numerous relevant and fresh research topic areas that need increasing attention from OM scholars. This special issue had an aim to build a collection of high-quality research articles that advance research problems, concepts, theory and knowhow about multi-faceted aspects of modularity, especially in the supply chain context, based on fresh empirical and/or conceptual research. Inter-functional coordination as well as inter-organisational coordination are vital for effective implementation of modular strategies which makes the topic more suitable in the supply chain management context. Specifically, this special issue sought to encourage manuscripts with research themes with a research problem that cut across areas such as modularisation, modular architecture and/or platforms with a clear focus on supply chain management. In addition, submissions that would be relevant for the OM community by addressing key strategic aspects of modularity, modularisation, and platforms in a supply chain management context was targeted. Submissions that examined aspects of modularity and supply chains in and emerging economy context were especially encouraged.
In terms of methods, the special issue intended to be broad to include manuscripts that present rigorous modelling, qualitative or empirical studies (including case-based research) and design science approaches. If the manuscript presented conceptual work (including rigorously conducted critical and focused literature reviews), the intended standard was that the paper significantly developed on the foundations and theory of modularity in supply chain management that already existed.
In order to provide some example areas of research interest for this special issue, the call for papers had the following suggested domain areas and topics:
. The submission statistics for the special issue was as follows. In all, 59 manuscripts were received. Of this, 49 manuscripts were desk-rejected and the remaining 10 manuscripts moved on to several rounds of revision. The majority of reasons for the desk reject were lack of fit to the special issue, and lack of original contributions to the literature on modularity. Manuscripts that did not address the supply chain aspects of their proposed research frameworks also did not fare well in the screening process. Of the 10 manuscripts, that went on to several rounds of revision, 6 manuscripts were accepted for publication in the special issue. These six manuscripts had at least three rounds of revision and some even four rounds of revision. We provide a brief summary of the 6 accepted papers next.
Brief summaries of the accepted papers
In this section, we summarise key aspects of the six papers that were accepted to be included in this special issue. We highlight the findings from these 6 studies and their implications and conclusions for researchers and practitioners both in the supply chain management and modularity fields.
Modularity as a support for frugal product and supplier network co-definition under regional markets constraints: an application of mirroring hypothesis This paper discussed the potential of using a modular-based approach as a core methodology to support co-evolution of product and supplier network architectures, especially under frugal innovation constraints. The authors found that the use of a modular approach was efficient as a robust knowledge-based and customer-driven development process in the context of frugal innovation. However, the level of innovation was different based on whether the modules were considered separately, or by taking into account, their context and source of creation as represented by the existing product structures and supply base. Furthermore, the authors found that a coupling modular approach along with the associated supplier selection methodology led to higher flexibility and a reduced risk of failure of the development project.
Interfaces in service modularity: a scoping review
This paper intended to provide a scoping review on the topic of interfaces in the service modularity context. The authors identified and analysed 12 papers, which led to the conclusion that interfaces in service modularity are an underresearched topic area which was still open to new research, especially with regards to interfaces that cross organisational boundaries. The authors addressed the need for more studies that explored in detail how interfaces manifest themselves during service design, and how they can be addressed to improve complex service delivery processes. Specifically, they identified and expanded on how healthcare could be an interesting domain to conduct studies that explore interfaces in service modules.
The design and delivery of modular legal services: implications for supply chain strategy The authors explored how professional legal services and their supply chains can be modularised. The authors developed a conceptual framework that linked service and supply chain modular architectures with the supply chain strategy of service firms. Through in-depth multiple case studies in 10 law firms in the UK, the authors first identified the current state of the art in terms of service and supply chain architectures of professional legal services, and then explored several options for modularisation. The findings show that legal services are currently over-customised, and this trend offered significant opportunities for fine tuning modularity across service supply chains. Specifically, this study showed how service modularity can be applied to a variety of service offerings, processes and service supply chains for law firms.
Managing complex, modular products: how technological uncertainty affects the role of systems integrators in the automotive supply chain This special issue paper used case studies to examine the role of system integrators in automotive supply chains and, specifically, the effects of high versus low technological uncertainty on highly complex, and highly modular products. The study showed that systems integrators in low technological uncertainty need to be able to redesign complex product architectures due to the implementation of unknown technologies in key individual components. For complex product architectures under high technological uncertainty, the most important source of innovation still lies in the specialisation of individual activities.
Institutional pressures and product modularity: do supply chain coordination and functional coordination matter? This study empirically investigated the effects of institutional pressures on product modularity, and how such effects are moderated by organisational coordination. The authors find that coercive pressures and normative pressures are positively and significantly associated with product modularity, while the effect of mimetic pressures was not significant. In addition, supply chain coordination and functional coordination positively moderated the effect of coercive pressures on product modularity, but negatively moderated the effects of normative pressures and mimetic pressures on product modularity. Thus, this paper represents one of the initial studies to show contingency effects of the influence of external pressures on modularity.
Balancing modularity and solution space freedom: effects on organisational learning and sustainable innovation This last study in the special issue used organisational learning theory and ambidexterity theory to provide insights into how technologically intensive (TI) firms can achieve 'win-win' customisation capabilities via sustainable product and process innovation programmes. Specifically, a TI firm's customisation approach is conceptualised in terms of its degree of modularity (defined as knowledge specialisation) and degree of solution space freedom (defined as knowledge variety). The results reveal that customising by balancing high degrees of both modularity and solution space freedom results in superior organisational learning. In addition, the combination of high modularity with constrained solution spaces increases learning for those TI firms who work with less sophisticated suppliers. Organisational learning was found to fully mediate the effect of customisation on sustainable product and process innovation.
Directions for future research on the intersection of modularity and supply chain management
Much research has examined the direct and/or indirect effects of modularity, and especially product modularity, on new product development and other innovation outcomes. Two of the papers in this special issue are focused on relationships involving modularity and innovation. For TI firms, Vos et al.'s (2018) empirical study shows that organisational learning fully mediates the impact of customisation (defined in terms of modularity and solution space freedom) on sustainable innovation. In the second study, Belkadi et al. (2018) present a modular-based approach for supporting the co-definition of a company's product structure and supplier network that reduces the risk of failure for a development project.
While there has been a plethora of work on the effects of product modularity on innovation (e.g. product development, success of development projects, and process innovation), more research is needed to consider other types of modularity besides product modularity (e.g. process modularity, organisational modularity, supply chain modularity, and knowledge modularity (see Fixson, Khachatryan, and Lee 2017) . For example, the effects of both product and process modularity on new product introduction performance were recently examined (Vickery et al. 2015) . The results showed that the positive effect of product modularity on new product introduction is dampened when complexity is high; however, the positive effect of process modularity on new product introduction is heightened when complexity is high. More research is needed to examine the effects of other kinds of modularity on performance and to investigate relationships that may exist among the modularity constructs themselves. For example, does product modularity lead to process modularity? Does product and/or process modularity engender supply chain modularity or organisational modularity? In other words, more research should be directed towards examining key aspects of the 'mirroring' hypothesis.
The mirroring hypothesis embraces the notion that the standardised component interfaces associated with modular product architecture offer a type of embedded coordination that greatly reduces the need for much overt exercise of managerial authority across the interfaces of organisational units developing the components, consequently allowing the concurrent and autonomous development of components by loosely coupled organisational structures (Sanchez and Mahoney 1996) . One of the studies in this Special Issue presents a modular-based approach for supporting the co-evolution of product and supplier network architectures that represents an intriguing application of the mirroring hypothesis (Belkadi et al. 2018) . However, there is need for more empirical research focused on examining the two contrasting schools of thought that have arisen with respect to 'mirroring' theory: (1) modularity in product design decreases the need for highly integrated supply relationships with high levels of knowledge sharing because knowledge encapsulation within modules reduces interfirm interdependence, and consequently, coordination and control needs; and (2) product modularity increases the need for close, collaborative relationships with suppliers characterised by high levels of information sharing (Sanchez and Mahoney 1996; Brusoni, Prencipe, and Pavitt 2001; Sosa, Eppinger, and Rowles 2004; Hoetker 2006; Mikkola 2006; Cabigiosu and Camuffo 2012) . A recent study found support for both and we join them in suggesting that the focus of future research should be on 'under what conditions does the mirroring hypothesis hold?' not on whether it holds (Cabigiosu and Camuffo 2012) . In particular, large scale empirical studies examining this question are needed.
We also call for more research into the direct and indirect effects of various modularity constructs on competitive outcomes other than innovation (e.g. manufacturing performance). Along this line, Vickery et al. (2015) recently tested serial effects model to show that the effect of product modularity on manufacturing flexibility is mediated by the use of product platforms, and that product modularity's impact on launch speed is mediated by manufacturing flexibility (via product platforms). Further research is needed to investigate whether there is a relationship between modularity and manufacturing performance and whether that relationship is mediated or moderated by other capabilities and/or environmental factors. For example, it is often assumed that product and process modularity facilitate the development of a mass customisation capability. But no research has examined this question empirically or examined whether mass customisation might mediate the effects of product and process modularity on manufacturing performance.
There is room for additional work to examine the organisational conditions, environment, and/or business strategies that might lead companies to adopt a modularity strategy. Very little research has been done in this space. For example, Pashaei and Olhager (2017) develop propositions concerning how the global operations of manufacturers might influence their choice of product architecture based on a case study of three global manufacturing companies. In this Special Issue, Wang et al. (2018) empirically investigate the effects of institutional pressures on product modularity including how such effects may be moderated by two kinds of organisational coordination. Additional work is necessary to not only explore the impacts of other potential antecedents of product modularity, but to also explore potential antecedents of other kinds of modularity (process modularity, supply chain modularity, organisational modularity). For example, does the technological complexity or 'clock speed' of an industry engender a modularity strategy with respect to products? processes? organisational structures? supply chains? Along this line, Schilling and Steensma (2001) examined forces driving the use of modular organisational forms. Future research should also focus on whether potential antecedents are synergistic or complementary in terms of their effects on modularity.
In the past decade, scholars have devoted increasing attention to the topic of service modularity (e.g. Voss and Hsuan 2009; Brax et al. 2017) . Modularity and its impacts related to services -like modularity and its effects related to physical products -can be discussed at different levels (e.g. the service product level, the service process level, the organisational level, the supply chain level) (Bask et al. 2010) . In this Special Issue, Giannakis et al. (2018) demonstrate how legal services can be modularised and delineate the role of services supply chain strategy in the choice of level of service modularisation. They argue that successful service modularisation requires coherence among the design of the modularity service packages, the modular service processes, and supply chain modularity, but they challenge the mirroring hypothesis which postulates that modular service designs have to be delivered by loosely coupled (modular) supply chains. More research is needed to assess whether there are differences in modularity for services vis-à-vis products in various service environments in terms of (1) the modules' characteristics and (2) their process, organisational, and supply chain consequences. In this vein, Cabigiosu et al. (2015) recently found that modularity in knowledge-intensive business services (KIBS) differs from modularity in products and that the mirroring hypothesis does not apply to KIBS. Another Special Issue paper examines interfaces in service modularity and calls for further research to explore how these interfaces manifest themselves and how they can be addressed to improve the delivery of complex services whose elements derive from multiple autonomous organisations (Peters, Meijboom, and de Vries 2018) . The authors call for more studies that apply principles of modularity in production systems such as standardisation of interfaces and interface specifications in service environments and identify health care management as a fruitful avenue for further exploration.
Another promising avenue in the domain area of modularity is to examine possible non-linear effects in frameworks that examine different facets of modularity such as product modularity and process modularity. For example, Patel and Jayaram (2014) found in the context of new ventures that product modularity enhanced product variety. While increasing product variety initially enhanced performance, this effect tapered off when product variety was increased even further, suggesting a negative non-linear effect on performance. Also, process modularity impeded (or slowed down) this negative effect on performance. Taken as a whole, this study offered differential roles for product modularity and process modularity. Testing similar conceptual frameworks in other manufacturing settings and in global operations settings (such as in China and India) will be a promising avenue for future research.
Lastly, modularity has a promising role to play within recent trends of additive manufacturing (AM) and 3D printing. Seen within the backdrop of mass customisation strategy, AM (Kieviet and Alexander 2015) offers just-in-time and justin-case (Martha and Subbakrishna 2002) options for many products including spare parts. This has important implications for strategic sourcing as well as reshoring of manufacturing activities. Repercussions on tooling investments and associated reductions in costs and lead times are promising avenues to explore. As of now, there are limited case studies and conceptual papers addressing this emerging domain of how AM and 3D printing can enhance modular designs. There is a need for large scale validations of key issues surrounding the AM-to-modular system linkages.
Conclusion
All articles included in our special issue contributed to the domain areas of both supply chain management and modularity. They are particularly relevant in that they address new issues and challenges encountered by firms that face modularity issues in the realm of supply chain management, and provoke novel lines of new inquiries. The research on the interface between modularity and supply chain management are still relatively scarce and thus, the co-editors for this special issue sought and accepted papers that were empirically focused and theoretically relevant. Although much work remains, it is our hope that research that emphasises interdisciplinary opportunities will continue to engage our academic community.
